(19) 



J 



Europaisches Pat ntamt 
European Pat nt Office 
Office europeen d s brevets 



(12) 



(id EP 0 853 037 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

15.07.1998 Bulletin 1998/29 

(21) Application number: 98100178.7 

(22) Date of filing: 08.01.1998 



(51) int ci. 6 : B63C 11/08, B63C 11/30, 
B63C 11/02 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


• Eungard, William C. 


NL PT SE 


Waterford, Wl 53185 (US) 


Designated Extension States: 


• Swetish, Thomas R. 


AL LT LV MK RO SI 


Racine, Wl 53402 (US) 


(30) Priority: 08.01.1997 US 780505 


(74) Representative: UEXKULL & STOLBERG 




Patentanwalte 


(71) Applicant: Johnson Worldwide Associates, Inc. 


Beselerstrasse 4 


Sturtevant, Wisconsin 53177 (US) 


22607 Hamburg (DE) 



(54) Equipment support garment for divers 



(57) A support garment (1 0) for diving equipment in- 
cludes several subassemblies for providing comfortable 
of diving equipment, such as a tank of pressurized 
breathing gas (11), a buoyancy compensating air cell 
(24) and a ballast weight pocket assembly (18). A frame 
(14) is adjustably secured to a shoulder support assem- 
bly (20) that includes adjustment straps ( 1 06) for accom- 
modating various body sizes. A belt assembly (16) is 
pivotally secured to the lower portion of the frame (14). 
A bust or chest panel (22) extends between shoulder 
supports (102), providing a secure and comfortable fit- 
ting structure for divers of various body types, particu- 
larly women. Elements of the garment (10) are secured 
to one another via rivets (62, 74) placed at predeter- 
mined locations, thereby facilitating assembly and serv- 
icing of the garment (10). 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates generally to devices 5 
used by underwater divers for supporting equipment 
and for maintaining neutral buoyancy during dives. More 
particularly, the invention relates to an improved buoy- 
ancy compensator, particularly well suited for use by 
women, that more comfortably conforms to the divers 
body morphology and more effectively supports loads 
encountered both underwater during a dive and out of 
the water during preparation for and following a dive. 

Various structures have been proposed and are cur- 
rently available for supporting equipment used by un- 
derwater divers. Such structures often include a support 
harness and backpack for holding one or more pressu- 
rized diving tanks behind the divers back. A buoyancy 
compensating device, often referred to as a "BC," may 
be incorporated with the tank support structure, or may 
be provided as a separable unit. Such BC's typically in- 
clude a sealed bladder or air cell that can be selectively 
inflated or vented by the diver as needed to maintain a 
neutral buoyancy during the dive, thus facilitating under- 
water activities and swimming. A weight system may be 
incorporated into the BC to allow the diver to insert and 
remove weights for additional buoyancy control. 

Known BC structures are configured to fit snugly 
around the diver's torso, such as by adjustable straps 
wrapping around the diver's shoulders and waist. Where 
a tank supporting backpack is incorporated in the de- 
vice, the position of the backpack may sometimes be 
made adjustable by means of the strap arrangement. 
Moreover, certain BC's may incorporate an integrated 
ballast weight system into a unitary structure. Where a 
weight system is not included in the BC, the diver will 
often opt to wear a separate weight belt below the tank 
support and BC structure. 

While such BC devices have substantially improved 
the comfort and facility of underwater diving, they are 
not without drawbacks. For example, despite the adjust- 
ability of known BC and tank support systems, they are 
often uncomfortable or unwieldy for certain divers, such 
as women. Generally, with few exceptions, heretofore 
known tan k supports and BC's have been designed sim- 
ilar to orienteering backpacks, having a pair of shoulder 
straps, a sternum strap and a waist belt, all designed for 
use by men of relatively standard size and morphology. 
As a result, such structures often provide insufficient ad- 
justability for smaller persons. Moreover, the shoulder 
strap, backpack and sternum strap arrangements of 
conventional tank supports and BC's are not well suited 
to the upper body configuration of most women. While 
attempts have been made to improve or adapt such 
structures for women and other divers, these have pro- 
vided only limited success. 

There is a need, therefore, for a tank support and 
buoyancy compensating device that provides a greater 



degree of comfort and adjustability for a range of body 
morphologies, especially those of women. In particular, 
there is a need for an improved diving garment that will 
fit comfortably, yet securely over the bust and hip re- 
gions, without unduly limiting the diver's freedom of 
movement or compromising the effectiveness of the 
support. The device should advantageously provide for 
adequate and comfortable support of diving equipment, 
such as a pressurized air tank, a BC air cell and a weight 
system, both during underwater dives and out of water 
during transport, preparation and following dives. 

SUMMARY OF THE INVENTION 

The invention features a diving equipment support 
designed to respond to these needs. The support incor- 
porates a novel bust panel secured snugly between 
shoulder supports when the garment is worn, thereby 
providing a comfortable and effective upper body struc- 
ture on which equipment may be supported. The device 
is preferably configured as a vest or harness secured to 
a generally triangular frame. The frame provides a sup- 
port for an air tank and an air cell. A waist belt is pivotally 
attached to the frame and may be comfortably secured 
around the diver's hips for transmitting loads to the div- 
er's hips both during dives and during transport or prep- 
aration for dives. A ballast weight system is preferably 
integrated into the device. The resulting structure pro- 
vides a comfortable and complete equipment support 
that may be adapted for use by divers of diverse mor- 
phologies, particularly women. 

In accordance with a first aspect of the invention, 
an equipment support garment is provided for use by an 
underwater diver. The garment includes first and second 
shoulder panels, an air cell and a bust panel. The shoul- 
der panels are configured to extend over the shoulders 
of the diver, and left and right portions of the diver's 
chest. The air cell is coupled to the first and second pan- 
els, and comprises an air tight inner compartment for 
receiving compressed air. The bust panel extends be- 
tween the first and second panels and is configured to 
substantially cover the diver's chest. 

In accordance with another aspect of the inv ntion, 
an equipment support garment for use by an underwater 
diver includes a generally triangular frame, a pair of 
shoulder supports, and a belt assembly. The frame in- 
cludes a panel for supporting an^tement of diving equip- 
ment, such as a tank of pressurized gas, an air cell or a 
ballast weight pocket assembly. Lower support exten- 
sions on the frame are configured to at least partially 
encompass the diver's hips. The shoulder supports are 
coupled to the frame for supporting the frame on the div- 
er's back. The belt assembly is pivotally coupled to the 
lower support extensions and configured to extend 
around the diver's hips. 

In accordance with a further aspect of the invention, 
a buoyancy compensator is provided for use by under- 
water divers, and includes a backpack, a pair of shoui- 
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der supports, an air cell, a belt assembly and an elastic 
bust panel. The backpack, which is preferably formed 
of a triangular frame, is configured to receive and sup- 
port a tank of pressurized gas. The shoulder supports 
are coupled to the backpack and are configured to ex- s 
tend over the diver's shoulders when worn. The air cell 
is coupled to the backpack and includes an air tight inner 
compartment for receiving pressurized gas. The belt as- 
sembly is coupled to the backpack and is configured to 
extend around the diver's hips when worn. The bust pan- io 
el extends between the shoulder supports and is con- 
figured to cover at least a portion of the diver's chest 
when worn. 

In accordance with a further aspect of the invention, 
an equipment support garment for use by an underwater is 
diver includes an element of diving equipment, a frame 
and a pair of shoulder supports. The element of diving 
equipment has a plurality of first apertures formed there- 
in at predetermined locations. The frame includes a pan- 
el for supporting the element of diving equipment, and 
has a plurality of second apertures formed therein at lo- 
cations corresponding to the predetermined locations of 
the first apertures. A plurality of fasteners are disposed 
in mutually aligned first and second apertures and ex- 
tend between the element of diving equipment and the 
frame thereby securing the element of diving equipment 
to the frame. In a particularly preferred arrangement, the 
fasteners are rivets that may be selectively removed 
from the garment for replacement of the element of div- 
ing equipment. 

A similar structure is contemplated for a belt assem- 
bly for a diving equipment support garment. The belt as- 
sembly includes a pad attached to a support panel via 
a plurality of fasteners, such as rivets, disposed at pre- 
determined locations on the panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully under- 
stood from the following detailed description, taken in 
conjunction with the accompanying drawings, wherein 
like reference numerals refer to like parts, in which: 

FIGURE 1 is a perspective view of a diver's, equip- 
ment support garment in accordance with the inven- 
tion, shown secured around the shoulders and 
waist of a diver; 

FIGURE 2 is a rear view of the garment of FIGURE 
1, illustrating a preferred arrangement of the air cell 
and tank support on the backpack; 
FIGURE 3A is a partially exploded view of the gar- 
ment of FIGURE 1 , wherein the bust panels and belt 
assembly have been removed for explanatory pur- 
poses; 

FIGURE 3B is a partially exploded view of the gar- 
ment of FIGURE 1 , wherein the air cell and shoulder 
support assemblies have been removed for explan- 
atory purposes; 



FIGURE 3C is an exploded view of the frame and 
pocket assembly of the garment of FIGURE 1; 
FIGURES 4A-4D are front elevational views of a 
preferred arrangement of webbing straps on the 
shoulder supports of the garment, illustrating the 
manner in which the webbing may be joined and 
tightened when worn, and easily extended to a re- 
lease position for removal of the garment; 
FIGURES 5 and 6 are rear and front views of the 
belt assembly, respectively, of the garment of FIG- 
URE 1; 

FIGURE 7 is a detail view of a lower support exten- 
sion of the frame shown in FIGURE 3A, illustrating 
a preferred arrangement for attaching the frame to 
the belt assembly; and 

FIGURE 8 is a sectional view along line 8-8 of FIG- 
URE 7, illustrating a preferred structure for pivotally 
attaching the frame to the belt assembly. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning now to the drawings and referring to FIG- 
URE 1 , a diving equipment support garment, referred to 
generally by the reference numeral 1 0, is illustrated as 
including an air cell assembly 1 2, a frame 1 4, a belt as- 
sembly 16, a ballast weight or pocket assembly 18, a 
shoulder strap assembly 20 and a bust panel assembly 
22. These various subassemblies are preferably preas- 
sembled and brought together in the completed garment 
as described in greater detail below. While, in general, 
garment 10 may include some or all of the subassem- 
blies mentioned above, the collection of subassemblies 
forms an integrated, complete diving equipment support 
capable of accommodating a diving tank, ballast 
weights and a buoyancy compensating air cell in a com- 
fortable and manageable unit. 

As best shown in FIGURE 2, air cell assembly 12 
includes a multi-ply air cell 24 enclosing an air tight air 
chamber 26 capable of receiving compressed gas. Air " 
cell 24 may be of generally known construction, such as 
including two or more plies of air-impervious fabric ul- 
trasonically welded or otherwise sealed to one another. 
A fill valve 28 is provided for selectively introducing com- 
pressed gas into air chamber 26, such as via a fl xible 
tube 30 (see FIGURE 1 ), for increasing the buoyant forc- 
es on the diver as needed. A venting valve 32 is also 
provided in assembly 1 2 for selectively permitting gas 
to escape from air cell 24. An aperture 34 is formed in 
air cell 24 through which a portion of frame 1 4 protrudes 
for support of a tank of pressurized gas 11 . Air cell as- 
sembly 12 is preferably attached to frame 14 via rivets 
36 extending through preformed holes 38 (see FIGURE 
3B) in a peripheral flange 40 surrounding aperture 34, 
as described in greater detail below. Finally, a pair of 
elastic webbing straps 41 are provided on either side of 
air cell 24, to facilitate restraint of the air cell laterally in 
the final assembled garment. 
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Referring to FIGURES 3B and 3C, frame 1 4 is pref- 
erably formed from a substantially rigid plastic material 
preformed in a generally triangular shape. It should be 
noted, however, that frame 14 may be formed of any 
suitable rigid material, such as metal plate, and may as- & 
sume various alternative shapes, depending upon the 
desired size, fit and functions of the resulting frame. 
Features facilitating attachment of frame 14 to the other 
subassemblies of garment 10 are preferable preformed 
in frame 1 4. Thus, in the preferred embodiment illustrat- 
ed, frame 14 includes an elongated tank support cavity 
or recess 42 adjacent to which a series of slots 43 are 
formed for a tank retaining belt 44 of generally known 
design. Above tank support recess 42, frame 14 prefer- 
ably includes one portion of a hook and loop fastener 
arrangement along a region 46 for securing a back pad 
of shoulder strap assembly 20 as described below. A 
series of upper slots 48 are formed in frame 1 4 to permit 
passage of webbing straps 50 from shoulder strap as- 
sembly 20 (see FIGURE 3B). Lower slots 52 are provid- 
ed adjacent to a lower edge of frame 1 4 for lower attach- 
ment straps 54 designed to receive and cooperate with 
straps 50 for adjustment of garment 1 0 as described be- 
low. A central slot 56 is provided in the same region for 
attachment of a lumbar or pivot control strap 58 of belt 
assembly 16. 

A series of holes or apertures 60 are provided at 
predetermined locations for receiving attachment rivets 
62 or similar fasteners used to secure the various ele- 
ments of garment to frame 1 4 in a rapid and economical 
manner. While heretofore known diving equipment sup- 
ports have typically secured backpack plates to other 
elements by straps or stitching, the present structure 
preferably makes use of two-part rivets, commercially 
available in various sizes to accommodate different 
thicknesses of interposed materials, to secure both air 
cell assembly 12 and pocket assembly 18 to frame 14 
(as well as to assembly elements of belt assembly 16 to 
one another). The use of such rivets, which are prefer- 
ably made of a plastic material, avoids the need to Stitch 
through frame 1 4, and may allow removal and replace- 
ment of air cell assembly 12 in the event of damage to 
the air cell. 

A pair of lateral apertures 64 are provided in lower 
corners of frame 14 for receiving bolts for pivotally at- 
taching belt assembly 16 to frame 14 as described be- 
low. Finally, a pair of holes 65 are formed adjacent to 
apertures 64 for later attachment of lower ends of shoul- 
der strap assembly 20. In the presently preferred em- 
bodiment, frame 1 4 is formed of a hard, rigid thermofor- 
mable plastic material, then trimmed and pierced via a 
subsequent machining operation to form the slots and 
apertures described above. 

As best shown in FIGURES 3A, 5 and 6, belt as- 
sembly 16 includes a substantially rigid, unitary panel 
68 fixed to an elongated pad 70. Panel 68 is preferably 
formed from a resilient plastic material. Pad 70 is a mul- 
tiply, thermowelded assembly including a fabric shell 



covering a compressible foam core. During forming, 
tacked regions 72 are formed in pad 70 and apertures 
(not shown) are pierced therethrough for receiving rivets 
74. Similarly placed apertures (not shown) are formed 
in panel 68, and rivets 74, which may be substantially 
identical to rivets 62, are assembled to securely attach 
pad 70 to panel 68. Panel 68 also includes a pair of slots 
76 for pivot control strap 58. A short attachment strap 
77, including a ladder lock or similar attachment device 
is secured to pad 70 near lower slot 76 for attachment 
to pivot control strap 58, as described below. A pair of 
slots 78 are provided adjacent to ends of panel 68 for 
receiving a pair of buckle straps 80. Buckle straps 80 
terminate in a pair of matable quick release buckle ele- 
ments 82 (see FIGURE 1 ) for securing belt assembly 1 6 
around the diver's waist. A pair of threaded bolts 84 are 
secured to panel 68 at lateral pivot locations, and a pair 
of hand-adjustable nuts 86 are provided for securing 
bolts 84 in apertures 64 of frame 1 4, as described below 
with reference to FIGURES 7 and 8. 

It should be noted that belt assembly 16 is prefera- 
bly contoured along its lower edge to provide recesses 
87, as shown in FIGURES 5 and 6. These recesses are 
placed to correspond to the approximate location of the 
diver's hips such that belt assembly 16, when secured 
tightly around the diver's hips, will comfortably conform 
to the diver's pelvic structure. It has been found that this 
preferred contour provides superior support of the 
equipment attached to garment 10 while remaining 
comfortable during extended dives. 

Referring to FIGURES 1 , 3Band 3C, pocket assem- 
bly 18 is preferably formed from several plies of synthet- 
ic fabric joined by stitching. Thus, pocket assembly 18 
includes a base panel 88 on which pocket panels 90 are 
secured. Pocket panels 90 typically provide compart- 
ments for storage of articles such as tools and the like. 
Some or all of pocket panels 90 may form weight storage 
compartments 92 for releasably receiving ballast 
weights (not shown) in a manner generally known in the 
art of buoyancy compensating devices. Where such 
weight compartments 92 are provided, rapid or emer- 
gency release handles 94 will typically be included to 
permit quick release of ballast weights. On an inner face 
of pocket assembly 18, a pair of restraining panels or 
strips of webbing 96 are secured at upper and lower at- 
tachment points 98, such as by stitching. Restraining 
panels or webbing 96 permit pocket assembly 18 to be 
held inward somewhat by cooperation with buckle 
straps 80 of belt assembly 16, as described below. As 
best illustrated in FIGURE 3C, a series of attachment 
holes 100 are preferably formed in pocket assembly 18 
for receiving attachment rivets 62 for securing pocket 
assembly 1 8 to air cell assembly 1 2 and to frame 1 4. 

Referring now to FIGURES 1 , 3A and 3B, shoulder 
strap assembly 20 includes a pair of padded shoulder 
straps or supports 102 extending from a back pad 1 04. 
In the presently preferred embodiment, shoulder straps 
102 and back pad 104 are formed as separate assem- 
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blages of synthetic fabric strips encasing foam pads. 
Shoulder straps 102 are then stitched to back pad 104 
to form a unitary subassembly. Upper attachment straps 
50 are stitched to an upper region of shoulder straps 
102, while a adjustment strap assembly 106 is stitched 
to a front region thereof. Adjustment strap assemblies 
106, described below with reference to FIGURES 4A- 
4D, facilitate fitting of garment 10 when worn as well as 
rapid removal of the garment when desired. Each ad- 
justment strap assembly 106 terminates in a lower strap 
108 to which a lower attachment ring 110 is secured. 
Attachment rings 110 serve to pivotally secure lower 
straps 108 to frame 14. One or more D rings 112 are 
also provided on shoulder strap assembly 20 for con- 
venient attachment of tools, accessories and the like. 
On a rear face of back pad 104 are provided a lower 
restraining strap 114 for holding pad 104 closely adja- 
cent to frame 14 when assembled thereon, as well as a 
strip 116 of a hook and loop fastening system. The latter 
strip is located so as to lie in mutually facing relation with 
corresponding hook and loop fastener region 46 of 
frame 14. Finally, each shoulder strap 102 includes fea- 
tures for attachment of bust panel assembly 22. While 
bust panel 22 may be stitched or otherwise permanently 
attached to shoulder straps 102, in the presently pre- 
ferred embodiment, a zipper strip 118 is provided on an 
inner, facing edge of each shoulder strap 1 02 for mating 
with a similar zipper strip 126 of the panel assembly. A 
fabric cover or flap 120 is stitched to each shoulder strap 
102 adjacent to the zipper strips 118, and bears a hook 
and loop fastener strip 122 for selectively covering the 
zipper when the garment is worn. 

As shown in FIGURES 1 and 3A, bust or chest panel 
assembly 22 preferably includes a pair of elastic fabric 
panels 124. Lateral zipper strips 126 on each panel per- 
mit their attachment to corresponding zipper strips 118 
of shoulder straps 1 02. Additional zipper strips 1 28 allow 
panels 124 to be conveniently joined to one another. 
While this arrangement is preferred, alternative config- 
urations presently contemplated include forming bust 
panel assembly 22 of a single expanse of fabric, or pro- 
viding an additional fabric panel 1 29 that may be zipped 
between panels 124. As will be appreciated by those 
skilled in the art, panels 124 of various sizes may be 
provided to allow garment 10 to be worn comfortably by 
persons of different morphologies and sizes. Each panel 
1 24 also includes a hook and loop fastener strip 1 30 de- 
signed to mate with strips 122 of shoulder straps 102 to 
cover the lateral zipper closures when panels 124 are 
attached to shoulder straps 102. 

Assembly of the several subassemblies of garment 
1 0 proceeds as follows. Following their separate assem- 
bly, air cell assembly 12 and shoulder strap assembly 
20 are joined to one another by stitching upper portions 
of air cell 24, adjacent to fill and vent valves 28 and 32, 
to the upper edge of back pad 104. Separately, lower 
attachment straps 54 and pivot control strap 58 are cou- 
pled to frame 14 in their respective slots 52 and 56. Air 



cell assembly 12 and pocket assembly 18 are then 
joined to frame 14 by placement and securement of riv- 
ets 62, as shown in FIGURES 3C and 3B. It should be 
noted that in the presently preferred embodiment illus- 

5 trated, several two-part plastic rivets are employed to 
join pocket assembly 18 to the frame 14, while additional 
rivets are used for attaching air cell assembly 12 to 
frame 14. Rivets along the lower periphery of aperture 
34 serve to couple both air cell assembly 1 2 and pocket 

10 assembly 18 to frame 14. Alternatively, assemblies 12 
and 18 may be secured to frame 14 completely inde- 
pendently (i.e., via separate, non-common rivets or oth- 
er attachment means), particularly where air cell assem- 
bly 12 is intended to be removable from frame 14 for 

15 replacement purposes. As mentioned above, bust pan- 
els 124 are joined to shoulder strap assembly 20 by at- 
tachment of zipper strips 126 to corresponding strips 
118 of each shoulder strap. Flaps 120 may then be laid 
over the closed zippers by pressing the corresponding 

20 hook and loop fastener strips 1 22 and 1 30 into contact 
with one another. Following attachment of the air cell 
and pocket assemblies to frame 14, elastic straps 41 
are crossed behind pocket assembly 18 and attached, 
via a ladder lock or similar device, to corresponding at- 

25 tachment straps (not shown) on either side of pocket as- 
sembly 18. 

Shoulder strap assembly 20 is subsequently rigged 
to frame 14 as follows. Lower attachment rings 110, 
each of which bears an attachment pin 111, are joined 

30 to frame 14 by pressing pin 111 through pivot holes 65 
(see FIGURE 3B). Upper straps 50 are then fed through 
slots 48 as shown in FIGURE 3B, exiting the lower slot 
on the inner surface of frame 1 4. These straps are then 
crossed and coupled (i.e., buckled) to lower attachment 

35 straps 54. In the preferred embodiment illustrated, lower 
straps 54 are fed between back pad 1 04 and restraining 
strap 114 prior to connection to upper straps 50. This 
arrangement allows lower straps 54 to urge back pad 
104 toward frame 1 4, while allowing the diver to lift back 

40 pad 1 04 as desired for adjustment of straps 50 and 54. 
Back pad 104 may then be laid flat against frame 14 by 
pressing hook and loop fastener strips 46 and 116 into 
contact with one another. 

Belt assembly 16 is then joined to the garment as 

45 follows. With pad 70 secured to belt panel 68 via rivets 
74 as described above, belt assembly 16 is placed be- 
tween lower corners of frame 14^as shown in FIGURE 
3A. Bolts 84 extending from panel 68 are passed 
through holes 64 (see FIGURE 8) and nuts 86 are 

50 screwed into place on the bolts to form a solid, pivotable 
joint at the lower corners of frame 14, as shown in FIG- 
URE 7. In the preferred embodiment illustrated, each 
nut 86 is provided with a head 1 32 having a bearing sur- 
face 1 34 of reduced diameter that is brought to bear on 

55 the inner periphery 136 of holes 64 (see FIGURE 8), 
thereby allowing pivotal movement ofbelt assembly 16 
with respect to frame 14. Lumbar or pivot control strap 
58 is then fed through slots 76 of belt assembly 16 as 
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illustrated in FIGURE 5. passing over belt assembly 16 
and down between pad 70 and belt panel 68, to be 
joined to attachment strap 77. Finally, buckle straps 80 
are fed between pad 70 and restraining strap 96 of pock- 
et assembly 18 to draw pocket assembly 18 into prox- s 
imity with belt assembly 1 6 as the garment is fastened 
around the diver's waist. 

Following their attachment to frame 14, upper web- 
bing straps 50 and pivot control strap 58 are adjusted 
as follows. The combined length of upper straps 50 and io 
lower straps 54 may be increased or decreased by ad- 
justment of ladder locks 140 provided on lower straps 
58. By shortening this combined length, the diver may 
raise the position of frame 14 with respect to shoulder 
straps 1 02. Conversely, for divers having a greater torso is 
length, lengthening the combined length of straps 50 
and 58 allows for lowering of frame 14. Similarly, pivot 
control strap 58 is adjusted with respect to attachment 
strap 77 to lengthen or shorten the combined length of 
both straps. Because the present garment advanta- 20 
geously allows for pivotal movement of belt assembly 
1 6 with respect to frame 1 4, straps 58 and 77 effectively 
limit pivotal movement of frame 14 in a rearward direc- 
tion by abutting the upper edge of belt assembly 1 6. This 
arrangement is particularly useful when belt assembly 25 
16 is fastened tightly around the diver's waist or hips, 
and facilitates limiting movement of frame 14, which will 
typically support a tank of breathing gas. 

After assembly and preliminary adjustment of gar- 
ment 1 0 as described above, the diver may further ad- 30 
just the fit of shoulder strap assembly 20 via adjustment 
strap assembly 106 as illustrated in FIGURES 4A-4D. 
As shown in FIGURE 4A, adjustment strap assembly 
106 includes an upper attachment strap 1 50 secured to 
a quick release buckle 1 52. A mating buckle portion 1 54 35 
is provided on an upper end of lower strap 108, which 
is secured to frame 14 via attachment ring 110. Lower 
strap 108 is sewn to a lower end of shoulder strap 102, 
then passed through ring 110. Thereafter, strap 108 
passes through a rectangular ring 1 56 fixed to the lower *o 
end of shoulder strap 1 02, and is routed upwardly to- 
ward buckle portion 1 54. After insertion into buckle por- 
tion 1 54, lower strap 1 08 is attached to a D ring 1 58 such 
that buckle portion 154 forms an upper loop defining a 
back portion 1 60 of strap 1 08 and a front portion thereof 45 
162. 

Before use, the diver initially adjusts assembly 106 
by attaching buckle portions 152 and 154 to one another 
as shown in FIGURE 4B. Frame 1 4 is then drawn toward 
shoulder strap 102 by pulling back portion 1 60 of strap so 
108, as indicated by arrow 164 ifi FIGURE 4C. The slack 
created by this step is then taken up by pulling ring 1 58 
downwardly, as indicated by arrow 166 in FIGURE 4D, 
thereby securing the appropriate length of rear strap 160 
between lower buckle portion 1 54 and attachment ring 55 
110. 

It should be noted that the foregoing adjustment 
strap arrangement provides several advantages during 



use of garment 1 0. After the diver has adjusted the strap 
assembly, buckle portions 1 52 and 1 54 may be released 
from one another, allowing lower strap 108 to slide 
through ring 156 until buckle portion 154 contacts ring 
156, as shown in FIGURE 4A. This released or slack 
position permits the diver easily to put on and remove 
the garment before and after a dive. After preparation 
for the dive, the diver need only buckle portions 1 52 and 
154 together to return the shoulder straps to their tight, 
preadjusted use position shown in FIGURE 4D. 

It should also be noted that the combination of su- 
bassemblies of garment 10 provide a number of advan- 
tages over heretofore known diving support garments 
and buoyancy compensating devices. For example, the 
use of an elastic bust panel extending between the 
shoulder supports of garment 10 provides a comforta- 
ble, tight garment that is easy to put on and remove. The 
panel obviates the need to cross shoulder straps or fas- 
ten a sternum strap as in other garments, offering a par- 
ticular advantage to female divers. Furthermore, when 
garment 10 is provided with pocket assembly 18 inte- 
grating a ballast weight system, the diver need not revert 
to a separate ballast weight belt as in certain other buoy- 
ancy compensating and tank support devices. Moreo- 
ver, it has been found that the foregoing structure pro- 
vides excellent support of considerable loads carried by 
the diver during routine dives, while offering great free- 
dom of movement, particularly due to the pivotal ar- 
rangement of frame 14 and its associated subassem- 
blies with respect to belt assembly 16. Finally, the pre- 
ferred assembly techniques described above provide an 
extremely cost effective method of bringing together the 
various subassemblies of garment 10 in a solid, unified 
structure. In particular, the use of rivets or similar attach- 
ment structures at predetermined locations in belt as- 
sembly 1 6, and between frame 1 4 and air cell assembly 
12 and pocket assembly 18 allow these structures to be 
preformed and assembled easily, and facilitates even- 
tual replacement of elements of garment 10 ov r time 
as needed. 

While the embodiments illustrated in the FIGURES 
and described above are presently preferred, it should 
be understood that these embodiments are offered by 
way of example only and may be adapted to various oth- 
er structures. 



Claims 

1 . An equipment support garment for use by an under- 
water diver, comprising: 

first and second panels configured to extend 
over the shoulders of the diver and left and right 
portions of the diver's chest, respectively; 
an air cell coupled to the first and second pan- 
els, the air cell comprising an air tight inner 
compartment for receiving compressed air; and 



so 



6 



11 
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a bust panel extending between the first and 
second panels and configured to substantially 
cover the diver's chest. 

2. The equipment support garment of claim 1 , wherein 
the bust panel includes a first portion attached to 
the first panel and a second portion attached to the 
second panel, the first and second portions being 
selectively attachable to and detachable from one 
another. 

3. The equipment support garment of claim 1 , wherein 
the bust panel is removable from the first and sec- 
ond panels. 

4. The equipment support garment of claim 1 , wherein 
the bust panel includes a central portion detachable 
from the first and second panels. 

5. The equipment support garment of claim 1 , wherein 
the first and second panels comprise padded shoul- 
der straps. 

6. The equipment support garment of claim 1 , wherein 
the air cell is removable from the garment. 

7. The equipment support garment of claim 1 , wherein 
the first and second panels are coupled to a tank 
support panel for receiving and supporting a tank of 
compressed gas. 

8. The equipment support garment of claim 7, wherein 
the tank support panel includes a rigid frame having 
an upper region coupled to upper ends of the first 
and second panels. 

9. The equipment support garment of claim 8, wherein 
the tank support panel includes lower portions at 
least partially extending around the diver's hips. 

1 0. The equipment support garment of claim 9, wherein 
the tank support is pivotally coupled to a belt as- 
sembly. 

11. An equipment support garment for use by an under- 
water diver, comprising: 

an element of diving equipment to be transport- 
ed by the diver; 

a rigid frame including a panel for supporting 
the element of diving equipment and lower sup- 
port extensions configured to at least partially 
encompass the diver's hips; 
a pair of shoulder supports coupled to the frame 
for supporting the frame on the diver's back; 
and 

a belt assembly pivotally coupled to the lower 
support extensions and configured to extend 



around the diver's hips. 

12. The equipment support garment of claim 11. where- 
in the element of diving equipment includes- an air 

5 cell having an air tight inner compartment for receiv- 
ing compressed air. 

1 3. The equipment support garment of claim 1 1 . where- 
in the element of diving equipment includes a bal- 

10 last weight pocket assembly. 

14. The equipment support garment of claim 1 1 . where- 
in the element of diving equipment includes a tank 
of compressing breathing gas. 

75 

15. The equipment support garment of claim 11 , where- 
in the shoulder straps are coupled to the lower sup- 
port extensions of the frame via pivotal connections. 

20 16. The equipment support garment of claim 11. where- 
in the belt assembly is removably coupled to the 
lower support extensions of the frame. 

17. The equipment support garment of claim 1 1 , further 
25 comprising a pocket assembly coupled to the belt 

assembly and at least partially surrounding the belt 
assembly. 

1 8. The equipment support garment of claim 1 7, where- 
30 in the pocket assembly includes at least one pocket 

for receiving a ballast weight. 

19. The equipment support garment of claim 11 , further 
comprising a flexible panel extending between the 

3$ shoulder supports, the flexible panel configured to 
cover at least a portion of the diver's chest when 
worn. 

20. A buoyancy compensator for use by underwater 
40 divers, comprising: 

a backpack configured to receive and support 
a tank of pressurized gas; 
a pair of shoulder supports coupled to the back- 
45 pack and configured to extend over the div r's 

shoulders when worn; 

an air cell coupled to tire-backpack and includ- 
ing an air tight inner compartment for receiving 
pressurized gas; 
so a belt assembly coupled to the backpack and 

configured to extend around the diver's hips 
when worn; and 

an elastic bust panel extending between the 
shoulder supports and configured to cover at 
55 least a portion of the diver's chest when worn. 

21. The buoyancy compensator of claim 20, wherein 
the bust panel includes at least two panel portions 
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joinable to one another via a zipper closure. 

22. The buoyancy compensator of claim 20, wherein 
each of the shoulder supports include upper and 
lower webbing straps and a quick release device for 
joining the upper webbing strap to the lower web- 
bing strap, wherein attachment upper and lower 
webbing straps places the shoulder supports in a 
worn position and detachment of the upper and low- 
er webbing straps permits extension of the shoulder 
supports to a release position. 

23. The buoyancy compensator of claim 20, wherein 
the air cell is secured to the backpack via rivets. 

24. The buoyancy compensator of claim 20, wherein 
the backpack includes a rigid frame having lower 
lateral supports extending at least partially around 
the diver's hips when worn. 

25. The buoyancy compensator of claim 24, wherein 
the lower lateral supports of the frame are pivotally 
coupled to the belt assembly. 

26. The buoyancy compensator of claim 20, wherein 
the belt assembly includes a substantially rigid hip 
panel and a hip pad at least partially covering the 
hip panel, the hip panel forming a pair of lower lat- 
eral recesses configured to rest over the diver's hips 
when worn. 

27. An equipment support garment for use by an under- 
water diver, comprising: 

an element of diving equipment to be transport- 
ed by the diver, the element of diving equipment 
having a plurality of first apertures formed 
therein at predetermined locations; 
a frame including a panel for supporting the el- 
ement of diving equipment, the frame having a 
plurality of second apertures formed therein at 
locations corresponding to the predetermined 
locations of the first apertures; 
a pair of shoulder supports coupled to the frame 
for supporting the frame on the diver's back; 
and 

a plurality of fasteners disposed in mutually 
aligned first and second apertures and extend- 
ing between the element of diving equipment 
and the frame thereby securing the element of 
diving equipment to the frame. 



in the element of diving equipment includes a pock- 
et assembly 

30. The equipment support garment of claim 27, where- 
s in the element of diving equipment includes a tank 

of compressing breathing gas. 

31 . The equipment support garment of claim 27, where- 
in the fasteners are rivets. 

10 

32. The equipment support garment of claim 27, where- 
in the plurality of fasteners are removable from the 
garment for replacement of the element of diving 
equipment. 

15 

33. An equipment support garment for use by an under- 
water diver, comprising: 

an element of diving equipment to be transport- 
ed by the diver; 

support harness including a frame including a 
panel for supporting the element of diving 
equipment and a pair of shoulder supports cou- 
pled to the frame for supporting the frame on 
the diver's back; and 

a belt assembly coupled to the support har- 
ness, the belt assembly including a flexible sup- 
port panel, a pad joined to the support panel 
and an adjustable buckle strap extending from 
ends of the support panel, wherein a plurality 
fasteners are disposed at predetermined loca- 
tions on the panel and extend between the pan- 
el and the pad thereby securing the panel to the 
pad. 

34. The equipment support garment of claim 33, where- 
in the fasteners are two-part rivets. 



25 



30 
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40 



45 



28. The equipment support garment of claim 27, where- 
in the element of diving equipment includes an air 
cell having an airtight inner compartment for receiv- 55 
ing compressed air. 

29. The equipment support garment of claim 27, where- 



8 
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ting structure for divers of various body types, particu- 
larly women. Elements of the garment (10) are secured 
to one another via rivets (62, 74) placed at predeter- 
mined locations, thereby facilitating assembly and serv- 
icing of the garment (10). 
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